ABSTRACT 32
A molecular-based detection method was developed to detect Escherichia coli 33 O26, O111 and O157 in minced (ground) beef samples. This method consists of 34 an initial overnight enrichment in modified tryptone soya broth (mTSB) and 35 novobiocin prior to DNA extraction and subsequent serogrouping using a triplex 36 PCR. This method has a low limit of detection and results are available within 24 37 hours of receipt of samples. Once optimized, this rapid method was utilized to 38 determine the prevalence of these E. coli serogroups in six hundred minced beef 39 samples all of which were previously examined by immunomagnetic separation 40 (IMS) and selective plating for E. coli O26 and O111. Using IMS, two E. coli O26 41 isolates were detected. No E. coli O111 were recovered. The multiplex PCR 42 technique described here did not detect E. coli O111 nor O157 in any of the 43 samples, however six minced beef samples were positive for E. coli O26 using 44 our method, only two of these were previously detected by IMS and culture. 45
Application of molecular methods are useful to support culture-based approaches 46 thereby further contributing to risk reduction along the food chain. Escherichia coli O157 was initially implicated in human disease in 1982 (Riley et 56 al., 1983 ) and since then the reported incidence of verocytotoxigenic Escherichia 57 coli (VTEC) related illness has increased worldwide. In addition to Escherichia 58 In this paper, we report on the development of a triplex PCR method to detect E. 105 coli O26, O111 and O157 in a single tube reaction following enrichment. Our 106 method was applied retrospectively to analyze 600 minced beef samples for the 107 three serogroups. This food matrix was previously investigated by microbiological 108 methods (Murphy et al., 2005) , and in this case failed to identify a number of 109 positive samples. Application of our method is discussed as a convenient tool to 110 support risk reduction measures along the food chain. 
MATERIALS & METHODS 123

Preparation of bacterial strains for inoculum. 124
A single colony of E. coli O26 (NCTC 8781) or E. coli O111 (NCTC 9111) or 125 E. coli O157 (NCTC 12900), were inoculated into three separate falcon test-126 tubes containing 4 ml of nutrient broth (Oxoid, Basingstoke, UK) and incubated at 127 37°C for 4 h. Serial dilution of 4 h cultures were prepared in 9 ml Maximum 128 Recovery Diluent (MRD; Oxoid) down to a dilution of 10 -9 . One hundred micro-129 liters of 10 -5 , 10 -6 , 10 -7 , 10 -8 and 10 -9 serial strain dilutions were plated directly 130 onto nutrient agar (Oxoid) and incubated at 42°C for 16 h to determine the cell 131 numbers in the initial inoculum. All inoculations were carried out in duplicate. 132 133
Inoculation of minced beef samples to determine limit of detection. 134
Minced beef was purchased at a local supermarket and stored at 4°C prior to 135 inoculation. One ml of the 10 -7 , 10 -8 and 10 -9 serial dilutions of each strain were 136 added to separate 25 g minced (ground) beef samples containing 225 ml of 137 O26 wzx gene. All primers were tested against several bacterial species other 159 than E. coli and also against different serogroups of E. coli (Table 1) . In this study, a triplex PCR was developed to detect E. coli O26, O111 and O157 205 in a single reaction. The specificity of the PCR was tested using a panel of 206 micro-organisms (Table 1) . This triplex PCR method was used in conjunction 207 with the Dneasy animal tissue kit to detect E. coli O26, O111 and O157 from 208 minced (ground) beef, after an initial 16 h enrichment. The limit of detection for 209 the assay was determined to be 10 colony forming units (CFU) for E. coli O111, 210 15 CFU for E. coli O26, <10 CFU for E. coli O157 in 25 g of minced beef (Fig.  211   1a) . The uninoculated minced beef sample was determined to be negative for E. 212 coli O157, O26 and O111 by this method. Results were available in less than 24 213 h. No difference in the limit of detection was observed between spiked broths 214 examined directly after enrichment and the enrichment broths that were frozen 215 for a period before testing (data not shown). Enrichment time trials were also 216 undertaken, that included times of 4 h, 6 h and overnight (16 h) enrichments. 217
Data showed that an overnight enrichment (16 h) was required to obtain the low 218 limits of detection described above (data not shown). These data correlated with Table  230 3 showed that isolate-4 ( Fig. 1b, 1c) contained both vt2 and hlyA and isolate-6 231 contained the eae gene alone ( Fig. 1c and Table 3 ). The remaining four isolates 232 did not contain any virulence factors as determined by this method (Table 3) . As these isolates were detected among high numbers of background micro-flora 273 in enriched minced beef, it would be reasonable to assume that all these isolates 274 were viable, an important point when applying PCR methods. As one of the E. 275 coli O26 isolates detected using the rapid method contained vt2 and hlyA genes 276 and the other isolate contained the eae gene alone, these organisms could be of 277 potential public health significance, should they be ingested by a vulnerable 278 individual. This observation demonstrates the advantage of combining the 279 approach described here along with conventional approaches, emphasizing the 280 value of molecular methods. 281
Implementation of the method outlined in this study would be of value in food 282 surveillance and public health laboratories. Results of analysis are available in 283 less than twenty-four hours. It has a low limit of detection and it is less labour 284 intensive compared to the more traditional methods applied. Our method could 285 be extended to include a wider range of serogroups or other food-borne 286 pathogens of public health significance. 287 288 289
ACKNOWLEDGMENTS 290
We wish to thank the laboratory and research staff in both the Public Health 291
Laboratory, Cherry Orchard Hospital and the Centre for Food Safety, at 292 U.C.D., for their valued assistance throughout the project. We also wish to 293 acknowledge the financial support provided by the Food Safety Authority of 294 Ireland (FSAI) for part-funding this project. O157 positive control, (pink peak, hlyA; green peak, eae); Isolate 4, (red peak, 417 hlyA); Isolate 6, (blue peak, eae). Other isolates and the negative control are 418
shown as flat lines. 419 [a].
[b].
